
KEEP THIS COPY FOR REPRODUCTION PURPOSES
Form Ap,.roved

AD-A250 384 rATION PAGE tOMNo. 0704-0188
to aver ge I h'our Per response. including thre time for reviewing instructions. searcing existing data sources.

flIl II U II I I ii 11 1 ____________________ .__ ___,_______ .... ______,o ___
Wnq the collection of information Send comments r ading this burden estimate or any Other aspec Of tits
en to WaVsrhington Headquarters Services. Direciorate for info ation Operatons and Peorls 12 'S Jeersone of Management and Budget. Paperwork Reduction Project (0704-0188) Washington. OC 20SC3

1. AGENCY USE ONLY (Leave blank) j2. REPORT DATE REPORT TYPE AND DATES COVEREDI16 Jan 92
4. TITLE AND SUBTITLE S. FUNDING NUMBERS

Near Millimeter Waves and Microelectronics

6. AUTHOR(S) (DftA03"46- ,-'00
Frank C. De Lucia LO 1 I (

7. PERFORMING ORGANIZATION NAME(S) AND ADDRES 3 8. PERFORMING ORGANIZATION
REPORT NUMBER

Department of Physics
Duke University

Durham, NC 27706

9. SPONSORING/MONITORING AGENCY NAME(S) A!-' ADDRESS(ES) 10. SPONSORING/ MONITORING

U. S. Army Research Office AGENCY REPORT NUMBER
P. 0. Box 12211

Research Triangle Park, NC 27709-2211 O .7,3 -P"3-P//-

11, SUPPLEMENTARY NOTES

The view, opinions and/or findings contained in this report are those of the
author(s) and should not be construed as an official Department of the Army
position, policy, or decision, unlesc so designated by other documentation.

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution unlimited.

13. ABSTRACT (Maximum 200 words)

This is the final report on an Army Research Office grant supporting a
fellowship. Two fellows were supported by the grant. One of the fellows
developed a new technique to study gas phase molecules at liquid helium
temperatures. The second used time-resolved double resonance tech-
niques to determine the state dependence and cross section of many rot-
ational and vibrational processes in methyl halides.

No 4 27 3 83
14. SUBJECT TERMS 15. NUMBER OF PAGES

Collisional cooling, pressure broadening, rotational energy 4
transfer, vibrational energy transfer, far infrared lasers. 16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT

OF REPORT OF THIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL

NSN 7540-01-280.5500 Slandard Form 298 (Rev 2-89)
Pr ' ri d by ANSI Std 139.18
298 1.2



NEAR MILLIMETER WAVES AND MICROELECTRONICS

FINAL REPORT

FRANK C. DE LUCIA

JANUARY 16, 1992

U.S. ARMY RESEARCH OFFICE

GRANT NUMBER DAAL03-86-G-0019

DUKE UNIVERSITY

APPROVED FOR PUBLIC RELEASE;

DISTRIBUTION UNLIMITED.

.. -. -. . .i

± •

THE VIEWS, OPINIONS, AND/OR FINDINGS CONTAINED IN THIS REPORT ARE
THOSE OF THE AUTHOR AND SHOULD NOT BE CONSTRUED AS AN OFFICIAL
DEPARTMENT OF THE ARMY POSITION, POLICY OR DECISION, UNLESS SO
DESIGNATED BY OTHER DOCUMENTATION.

92-11100
I IEEE| IIEJIEEI llBI



Statement of the Problem: The purpose of this grant was to support an Army
Research Office Fellow. The fellows supported were Daniel R. Willey and Henry 0.
Everitt, Ill. Mr. Willey developed a new technique to study gas phase molecules at
liquid helium temperatures. His work significantly improved the link between the
theoretical descriptions of molecules and experimental investigations.

Mr. Everitt used time-resolved double resonance techniques to determine the
state dependence and cross section of many rotational and vibrational state-changing
processes in methyl halides. His work greatly furthered fundamental understanding of
optically pumped far infrared lasers.

Summary of the most important results:
Low temperature spectroscopy: Sample gas molecules were cooled by

collisions with helium atoms in a cell immersed in a liquid helium bath. At liquid
helium temperatures only the lowest lying rotational states have significant population.
This greatly simplifies theoretical calculations and makes possible a more direct link
between experiment and theory. In addition, working at these low temperatures
confers the advantages of narrow linewidths, large absorption coefficients and the
simplification of complex spectra on the spectroscopic investigations.

Low temperature (1.8 - 4.2 K) pressure broadening by helium was measured for
CO, CH 3F, H2S, NO, DCL, CH 2F2, and HDO. The pressure broadening cross sections
ranged from 79.2 Angstroms squared to 8.1 Angstroms squared. Although the cross
sections for (C') and CH 3F showed an initial rise below 4K, at the lowest temperatures
all of the crobs sections appeared to be declining. These investigations appear to
indirectly confirm resonant structure predicted by theory in the cross section of CO-He
and to indicate the possible existence of similar resonances in CH 3F-He, CH 2F2-He,
and DCL-He.

Rotational - Vibrational Energy Transfer: Time resolved infrared - millimeter
wave double resonance techniques were used to study rotational and vibrational state
processes in two isotopes of methyl fluoride and in methyl chloride. Processes which
populate target states thermally as well as those which populate the target states in a
rotationally nonthermal manner were observed. Nonthermal interactions of both the
dipole and higher - order multipole moments of colliding molecules were studied. The
dipole interactions were dominant.

In addition to the well known thermal processes of wall collisions and
vibrational state-changing collisions, a vibrational quantum number swapping
mechanism was discovered. Active in both halides studied, this process thermalized
rotational states and symmetry types. A symmetry preserving process with a very large
cross section was also discovered. This process rotationally "thermalizes" molecules.
The experimentally measured cross sections of these two thermal processes have
different temperature dependencies, implying different physical origins. The
composite effect of all collisional processes agreed with predictions of pressure
broadening studies in methyl fluoride.

A numerical simulation was developed in order to model collisional energy



transfer. In addition to facilitating the measurement of cross sections, the simulation
predicts the behavior of optically pumped far infrared lasers. Experimental studies of
the pressure dependent and pump power dependent behavior of optically pumped far
infrared lasers contradicted previously accepted theories. However, the simulation,
using only physically meaningful and redundantly verified parameters, accurately
characterized the action of these lasers in all regimes.
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